The mechanisms underlying formation of complex tissue and organ shape during development remain largely unknown. Here, we show that the chevron-like pattern of the Zebrafish myotome arises from both internal changes within the somite and interactions between the somite and the surrounding tissues.
The mechanisms underlying formation of complex tissue and organ shape during development remain largely unknown. Here, we show that the chevron-like pattern of the Zebrafish myotome arises from both internal changes within the somite and interactions between the somite and the surrounding tissues.
In the developing zebrafish embryo, future muscle segments (somites) are generated from the tailbud, with no specific shape. Nearly all somites then develop a distinctive chevron-like shape, believed to be important in aiding fish swimming. We follow the formation of the somite tissue structure in four-dimensions using confocal and light-sheet imaging. Using single cell tracking and segmentation, we quantify the development of the chevron shape, as well as measuring the relative motion of the somite with respect to the neighbouring tissues using particle image velocimetry. We complement this analysis with mutants and drug treatments that perturb somite formation to disassociate the roles of internal and external processes in chevron shape formation.
This data is incorporated within a theoretical model to investigate the interplay between intrinsic (cellular reorganization within the somite tissue, such as cell rearrangements and cell differentiation) and extrinsic (coupling with neighbouring tissues) factors. We utilise a vertex model that combines tissue differential growth, cell division and rearrangements with anisotropic elongation due to cell differentiation. By exploring the range of the model parameters, we construct a phase diagram of the final somite shape and study in particular the stability of the chevron shape.
Overall, we provide a detailed quantification of the morphology of the developing somite, at both single cell and tissue-scale resolution. Using this quantification, we construct a minimal model to understand the key factors underlying the emergence of complex shape during Zebrafish development. In "On growth and forms" (1917), D'Arcy Thompson stresses the inevitable interactions between physics and biology. Thanks to ongoing developments in live imaging and modeling, this field of study has been rejuvenated: the relation between mechanics and shape changes can now be addressed more comprehensively, notably in plants in which morphogenesis is mainly determined by cell walls. In past work, we showed that shape-and growth-derived forces act as signals that orient plant microtubules Tissue morphogenesis during embryonic development is brought about by mechanical forces which are generated by the specific biophysical and motility properties of its constituent cells. It has also been suggested that embryonic tissues behave like immiscible liquids with a given surface tension and that differences in surface tension between tissues determine their spatial configuration during embryogenesis. To understand how single cell biophysical and motility properties regulate tissue surface tension and how tissue surface tension controls tissue organization in development, we are studying the specific function of germ layer progenitor cell adhesion, cell cortex tension and motility in determining germ layer organization during zebrafish gastrulation. We found that the combinatorial activity of progenitor cell adhesion, cortex tension and motility determines germ layer tissue surface tension and that differences in germ layer tissue surface tension influence germ layer organization during gastrulation. We will discuss these findings in the light of different hypotheses explaining how single cell biophysical properties determine tissue morphogenesis in development. The striking beauty and diversity of colour patterns fascinate not only biologists. Despite their importance as targets for both, natural and sexual selection, little is known about the development and evolution of colour patterns in vertebrates. The pattern of the adult zebrafish is composed of a series of blue and golden horizontal stripes covering the body and the anal-as well as tail fin. Closely related Danio species display very different patterns. Pigment cells-melanophores, iridophores and xanthophores are distributed in three superimposed monolayers under the skin. Whereas in zebrafish melanophores are only present in the dark stripes, both xanthophores and iridophores are spread over the entire body, albeit in different shapes and densities in light and dark stripes. The pigment cells originate from neural crest-derived stem cells associated with the dorsal root ganglia of the peripheral nervous system. Clonal analysis revealed that, surprisingly, progenitors of pigment cells remain multipotent and share the lineage with neurons and glia of the peripheral nervous system well into metamorphosis. They remain plastic and their growth rate is highly variable. Iridophores and xanthophores are capable Abstracts S2
